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HIGHLY INSULATING POLYURETHANE
FOAM AND METHOD FOR
MANUFACTURING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of International
Application No. PCT/KR2010/009550 filed on Dec. 30,
2010, pending, which designates the U.S., published as WO
2012/026654, and is incorporated herein by reference in its
entirety, and claims priority therefrom under 35 USC Section
120. This application also claims priority under 35 USC Sec-
tion 119 to and the benefit of Korean Patent Application No.
10-2010-0082116 filed on Aug. 24, 2010, the entire disclo-
sure of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to highly insulating rigid
polyurethane foam and a method for manufacturing the same.

BACKGROUND OF THE INVENTION

Thermal conductivity of polyurethane foam is determined
by the sum of thermal conductivity (Am) of a polyurethane
resin itself, thermal conductivity (Ag) of a blowing agent gas
component present in a polyurethane foam cell, and radiant
thermal conductivity (Ar). Among these, the thermal conduc-
tivity (Ag) of the blowing agent gas component is about 60 to
about 70% of the overall thermal conductivity of the polyure-
thane resin. However, since the use of conventional fluoro-
carbon-based blowing agents is restricted due to their high
global warming potential (GWP) and ozone destruction
index, the fluorocarbon-based blowing agents have been
replaced by non-halogen hydrocarbon blowing agents, which
can cause deterioration in insulating properties due to large
cell size and higher thermal conductivity than the fluorocar-
bon-based blowing agents. In other words, as the gaseous
blowing agents having thermal conductivity (Ag) are replaced
by the non-halogen hydrocarbon blowing agents due to envi-
ronmental regulations, it is difficult to improve the thermal
conductivity, and the thermal conductivity (Am) of the poly-
urethane resin can be improved only by replacing the ure-
thane foam. Thus, studies have been actively carried out to
reduce the radiant thermal conductivity.

Korean Patent Publication No. 2005-73500A discloses a
method of improving heat insulating properties of urethane
foam, in which a perfluorinated alkene-based nucleating
agent is used to decrease the cell size of the urethane foam.
However, this method cannot suitably solve environmental
problems caused by the perfluorinated alkene-based nucleat-
ing agent.

U.S. Patent Publication Nos. 2005/79352 and 2004/
176486 disclose urethane foam which contains thermally
expandable fine particles. These inventions were developed to
replace a flammable blowing agent with the thermally
expandable fine particles and could not improve heat insulat-
ing properties since the urethane foam contains an excess of
the thermally expandable fine particles as compared with the
flammable blowing agent.

Meanwhile, U.S. Pat. No. 5,604,265 discloses polyure-
thane foam which contains carbon black in order to improve
heat insulating properties. However, the polyurethane foam
may exhibit only limited improvement of heat insulating
properties.
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2
SUMMARY OF THE INVENTION

The present invention provides highly insulating rigid
polyurethane foam. The rigid polyurethane foam can include
cells having a small and uniform size. The rigid polyurethane
foam can also exhibit excellent heat insulating properties and
strength and can be suited for heat insulating materials for
refrigerators and freezers, buildings, and vehicles.

The present invention also provides a method for manufac-
turing rigid polyurethane foam, which can allow adjustment
of cell size. The invention also provides a method for stably
manufacturing highly insulating rigid polyurethane foam.

The rigid polyurethane foam includes thermally expand-
able fine particles placed or located between at least two
adjacent unit cells to penetrate into at least one unit cell (that
is, the particles can be located so that at least a portion of the
particles can penetrate into a unit cell and thus be exposed to
the inside of the unit cell) and/or to be exposed therefrom
(from at least one unit cell) (that is, the particles can be located
so that at least a portion of the particles can extend or project
outwardly from and thus be exposed to the outside of a unit
cell), and a filler dispersed on surfaces of the thermally
expandable fine particles, and/or on inner and/or outer sur-
faces of the unit cells.

In one embodiment, the thermally expandable fine par-
ticles may be formed to penetrate a strut, cell wall and/or cell
vertex of a cell frame.

The thermally expandable fine particles may have a hollow
structure.

In one embodiment, the foam may include the thermally
expandable fine particles in an amount of about 0.5 parts by
weight to about 10 parts by weight based on about 100 parts
by weight of a urethane resin forming the polyurethane foam.

In one embodiment, the thermally expandable fine par-
ticles may have a mean volume diameter of about 5 pm to
about 40 um before being foamed.

In one embodiment, the thermally expandable fine par-
ticles may have an encapsulated structure obtained by encap-
sulation of a hydrocarbon-based foamable compound by a
polymer shell. The hydrocarbon-based foamable compound
may have a boiling point of about =10° C. to about 50° C., and
apolymer material constituting the polymer shell may have a
glass transition temperature of about 40° C. to about 100° C.

The filler may have an average particle diameter of about
0.01 pum to about 50 pum.

The filler may include carbon black, graphite, carbon nano-
tubes, carbon fibers, titanium dioxide, silica, clay, and/or the
like.

The foam may include the filler in an amount of about 0.1
parts by weight to about 10 parts by weight based on about
100 parts by weight of a polyol.

In one embodiment, the cells may be formed by foaming
with a blowing agent. The blowing agent and the thermally
expandable fine particles may have a weight ratio of about
1:0.2 to about 2:1.

The blowing agent may include C;-C; hydrocarbons,
dialkyl ethers, alkyl alkanoates, halogenated hydrocarbons,
acetone, water, and/or the like.

In one embodiment, the cells may have an average diam-
eter of about 100 pum to about 400 um.

In one embodiment, the rigid polyurethane foam may have
a foam density of about 20 g/cm® to about 40 g/cm>, a thermal
conductivity (K-factor) of about 145x10™* kcal/m-h-° C. to
about 165x10~* kcal/m-h-° C. according to ASTM-C518, and
a cell close ratio of about 85% to about 99%.

In another embodiment, the rigid polyurethane foam may
have a foam density of about 30 g/cm® to about 37 g/cm’, a
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thermal conductivity (K-factor) of about 155x10~* keal/m-h-°
C. to about 163x10™* kcal/mh-° C. according to ASTM-
(C518, and a cell close ratio of about 90% to about 99%.

The method for manufacturing the rigid polyurethane foam
includes: preparing a dispersion liquid by dispersing ther-
mally expandable fine particles and a filler in a premixed
polyol; adding a blowing agent to the dispersion liquid; and
forming rigid polyurethane foam by reacting an isocyanate
with the dispersion liquid containing the blowing agent, and
foaming the reactant with heat of urethane reaction, wherein
the blowing agent and the thermally expandable fine particles
are present in a weight ratio of about 1:0.2 to about 2:1.

In one embodiment, the premixed polyol may include a
polyol, a dispersant, a catalyst, and water.

The thermally expandable fine particles may have a mean
volume diameter of about 5 pm to about 40 pm before being
foamed.

The filler may be present in an amount of about 0.1 parts by
weight to about 10 parts by weight based on about 100 parts
by weight of a polyol.

In one embodiment, the isocyanate may be added in an
amount of about 90 parts by weight to about 200 parts by
weight based on about 100 parts by weight of the polyol.

The present invention may provide rigid polyurethane
foam, which exhibits excellent heat insulating properties, has
a small and uniform cell size, and excellent strength to be
suited for heat insulating materials for refrigerators and freez-
ers, buildings and vehicles. Further, the present invention may
provide a method for stably manufacturing rigid polyure-
thane foam, which has high heat insulating properties and
allows easy adjustment of cell size.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a typical unit cell structure.

FIG. 2 is a schematic view of a cell interior of rigid poly-
urethane foam in accordance with one embodiment of the
present invention.

FIG. 3 is a diagram of rigid polyurethane foam in accor-
dance with one embodiment of the present invention.

FIG. 4 is a scanning electron micrograph (magnification
x100) of urethane foam prepared in Example 2.

FIG. 5 is a scanning electron micrograph (magnification
%x300) of urethane foam prepared in Example 2.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully
hereinafter in the following detailed description of the inven-
tion, in which some, but not all embodiments of the invention
are described with reference to the accompanying drawings.
Indeed, this invention may be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will satisfy applicable legal
requirements.

FIG.11s a diagram of a typical unit cell structure. As shown
therein, a unit cell includes cell walls 12 and struts 13 placed
between the cell walls 12 adjoining each other, wherein the
struts 13 constitute a frame of the unit cell. Herein, a point at
which the struts 13 meet will be defined as a cell vertex 11.

In some embodiments, thermally expandable fine particles
may be formed to penetrate the strut, cell wall and/or cell
vertex of the cell frame. FIG. 2 is a schematic view of a cell
interior of rigid polyurethane foam in accordance with one
embodiment. As shown therein, the thermally expandable
fine particles may be formed to penetrate a cell wall 12 like a
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thermally expandable fine particle 205, and/or may be formed
to penetrate the cell strut 13 like a thermally expandable fine
particle 20a. Further, although not shown in the drawings, the
thermally expandable fine particles may be formed to pen-
etrate the cell vertex 11.

A filler 30 is dispersed on inner and/or outer surfaces of the
cell, which includes the cell walls 12, the cell struts 13 and/or
the cell vertex 11, and/or on the surface of the thermally
expandable fine particle. The filler may be substantially uni-
formly dispersed, or may be locally dispersed.

In this way, the thermally expandable fine particles are
interposed between two or more cells and serve to adjust cell
size of urethane foam. Specifically, the thermally expandable
fine particles are foamed at a certain temperature or higher,
and during foaming of polyurethane foam, the thermally
expandable fine particles suppress increase in cell size while
the thermally expandable fine particles and the blowing agent
of the urethane foam are actively foamed, thereby enabling
adjustment of the cell size of the urethane foam.

FIG. 3 is a diagram of rigid polyurethane foam in accor-
dance with one embodiment of the present invention. As
shown in this figure, thermally expandable fine particles 20
are placed between two or more adjacent cells. As a result, the
thermally expandable fine particles 20 may be configured to
penetrate a unit cell and/or to be exposed therefrom through
cell walls 12, cell struts 13 and/or cell vertex 11. A filler 30 is
distributed on surfaces of the thermally expandable fine par-
ticles 20 and/or on inner and outer surfaces of the unit cells.

The rigid polyurethane foam according to the present
invention may adjust radiant thermal conductivity by allow-
ing adjustment of the cell size through the thermally expand-
able fine particles, and may further improve insulating prop-
erties by containing the filler serving to absorb or block
radiant heat.

The thermally expandable fine particles have a hollow
structure. In some embodiments, the thermally expandable
fine particles may have an encapsulation structure in which a
hydrocarbon-based foamable compound is encapsulated by a
polymer shell.

The thermally expandable fine particles expand when a
certain amount of heat is applied thereto, and an expansion
starting temperature (Tstart) and a maximum expansion tem-
perature (Tmax) of the thermally expandable fine particles
are determined according to the boiling point of the hydro-
carbon-based foamable compound contained therein and a
glass transition temperature of the polymer material consti-
tuting the shell. Further, the degree of maximum expansion
(Dmax) of the thermally expandable fine particles is adjusted
according to the content of the hydrocarbon-based foamable
compound and gas permeability of the polymer material.

The expansion starting temperature (Tstart) refers to a
temperature at which displacement of a probe starts, the
maximum expansion temperature (Tmax) refers to a tempera-
ture at which the probe reaches maximum displacement, and
the degree of maximum displacement (Dmax) refers to a
displacement when the probe reaches the maximum displace-
ment. All of these parameters are measured using a thermo-
mechanical analyzer TMA Q-400 (TA Instrument).

In some embodiments, the thermally expandable fine par-
ticles may have an expansion starting temperature (Tstart) of
about 50° C. to about 110° C., for example about 60° C. to
about 85° C.

In addition, the thermally expandable fine particles may
have a maximum expansion temperature (Tmax) of about 60°
C.to about 120° C., for example about 90° C. to about 110° C.

The thermally expandable fine particles may have a degree
of maximum displacement (Dmax) of about 1000 pm or
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more, for example about 1500 um or more, and as another
example about 2000 pum to about 3000 pm.

The polymer material constituting the polymer shell may
have a glass transition (Tg) temperature of about 40° C. to
about 100° C. When the polymer material of the polymer shell
has a Tg within this temperature range, it is possible to obtain
desirable parameters in terms of the expansion starting tem-
perature (Tstart), maximum expansion temperature (Tmax)
and degree of maximum displacement (Dmax).

In some embodiments, the polymer material constituting
the polymer shell is prepared through polymerization of poly-
meric components including a vinyl cyanide compound, a
(meth)acrylate compound, a halogenated vinyl compound
and a crosslinking agent.

In some embodiments, the hydrocarbon-based foamable
compound may have a boiling point of about —-10° C. to about
50° C. When the hydrocarbon-based foamable compound has
a boiling point within this range of temperature, it is possible
to obtain desirable results in terms of the expansion starting
temperature (Tstart), maximum expansion temperature
(Tmax) and degree of maximum displacement (Dmax).

Examples of the hydrocarbon-based foamable compound
may include without limitation C;-C, hydrocarbons such as
propane, butane, isobutane, n-pentane, isopentane, neopen-
tane, cyclopentane, hexane, cyclohexane, and the like, and
combinations thereof.

In one embodiment, the thermally expandable fine par-
ticles may be prepared through polymerization of a suspen-
sion, which is obtained by mixing an oil-based solution,
which contains a vinyl cyanide compound, a (meth)acrylate
compound, a halogenated vinyl compound, a crosslinking
agent and a hydrocarbon-based foamable compound, with an
aqueous dispersion liquid containing colloidal silica.

Examples of the vinyl cyanide compound may include
without limitation acrylonitrile, methacrylonitrile, and the
like. These may be used alone or in combination thereof.

Examples of the (meth)acrylate compound may include
without limitation methyl acrylate, ethyl acrylate, propyl
acrylate, butyl acrylate, methyl methacrylate, ethyl methacry-
late, propyl methacrylate, butyl methacrylate, isobornyl
methacrylate, and the like. These may be used alone or in
combination thereof.

Examples of the halogenated vinyl compound may include
without limitation vinyl chloride, vinylidene chloride, vinyl
bromide, and the like. These may be used alone or in combi-
nation thereof.

A method of preparing the thermally expandable fine par-
ticles is disclosed in Korean Patent Application No. 2009-
114962, which is incorporated herein by reference in its
entirety.

In one embodiment, the thermally expandable fine par-
ticles may have may have a mean volume diameter of about 5
pum to about 40 um, for example about 10 um to about 35 pm,
before being foamed. In some embodiments, the thermally
expandable fine particles may have a mean volume diameter
ofabout 5, 6,7,8,9,10,11, 12,13, 14,15, 16,17, 18, 19, 20,
21,22,23,24,25,26,27,28,29,30,31,32,33,34, 35,36, 37,
38,39, or 40 um. Further, according to some embodiments of
the present invention, the mean volume diameter of the ther-
mally expandable fine particles before being foamed can be in
arange from about any of the foregoing amounts to about any
other of the foregoing amounts.

When the thermally expandable fine particles before being
foamed have a mean volume diameter within the above range,
the thermally expandable fine particles can be uniformly dis-
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tributed in the urethane foam, thereby reducing thermal con-
ductivity through adjustment of the cell size of the urethane
foam.

In one embodiment, the thermally expandable fine par-
ticles may be present in an amount of about 0.5 parts by
weight to about 10 parts by weight based on about 100 parts
by weight of a urethane resin forming the polyurethane foam.
As used herein, the amount of the urethane resin is defined
with reference to the total amount of a polyol and an isocy-
anate. In some embodiments, the thermally expandable fine
particles may be present in an amount of about 0.5, 0.6, 0.7,
0.8,09,1,2,3,4,5,6,7,8, 9, or 10 parts by weight. Further,
according to some embodiments of the present invention, the
amount of thermally expandable fine particles can be in a
range from about any of the foregoing amounts to about any
other of the foregoing amounts.

When the amount of thermally expandable fine particles is
within the above range, it is possible to adjust the cell size of
the urethane foam within a suitable range while providing
excellent thermal insulating properties.

In the present invention, the filler serves to absorb or block
radiant heat. Examples of materials capable of absorbing
radiant heat may include without limitation carbonaceous
materials such as carbon black, graphite, carbon nanotubes,
carbon fibers, and the like. In addition, examples of materials
capable of blocking heat may include without limitation tita-
nium dioxide, silica, clay, and the like. These may be used
alone or in combination thereof. In exemplary embodiments,
carbon black, graphite, carbon nanotubes and/or mixtures
thereof can be used.

In some embodiments, the filler may have an average par-
ticle diameter of about 0.01 um to about 50 um. In some
embodiments, the filler may an average particle diameter of
about0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1,2,3,4,5,6,7,
8,9,10,11,12,13,14,15,16,17, 18, 19, 20, 21, 22, 23, 24,
25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,
42,43,44,45,46, 47,48, 49, or 50 um. Further, according to
some embodiments of the present invention, the filler may
have an average particle diameter from about any of the
foregoing amounts to about any other of the foregoing
amounts.

When the filler has an average particle diameter within this
range, the filler may not deform the cell structure of the
urethane foam and may not reduce thermal conductivity
thereof.

In some embodiments, the filler may be present in an
amount of about 0.1 to 10 parts by weight based on about 100
parts by weight of the polyol. In some embodiments, the filler
may be present in an amount of about 0.1, 0.2, 0.3, 0.4, 0.5,
0.6,0.7,0.8,0.9,1,2,3,4,5,6,7,8, 9, or 10 parts by weight.
Further, according to some embodiments of the present
invention, the amount of filler can be in a range from about
any of the foregoing amounts to about any other of the fore-
going amounts.

When the filler is present in an amount within this range,
the filler may not deform the cell structure of the urethane
foam and may not reduce thermal conductivity of the ure-
thane foam.

The cells of the polyurethane foam according to the present
invention may be foamed by the blowing agent, and the
weight ratio of the blowing agent to the thermally expandable
fine particles may be about 1:0.2 to about 2:1. When the
weight ratio of the blowing agent to the thermally expandable
fine particles is within this range, suitable balance between
foamability of the urethane foam and foamability of the ther-
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mally expandable fine particles may be maintained, which
can result in a uniform cell size and excellent heat insulating
properties.

Examples of the blowing agent may include without limi-
tation C5-Cg4 hydrocarbons, dialkyl ethers, alkyl alkanoates,
halogenated hydrocarbons, acetone, water, and the like.
These may be used alone or in combination thereof.

In one embodiment, the cells may have an average diam-
eter of about 100 pm to about 400 pm, for example about 200
um to about 300 pum.

The rigid polyurethane foam according to the present
invention can have high foam density and can exhibit excel-
lent heat insulating properties, and thus may be suitably
applied to heat insulating materials for refrigerators and
freezers, buildings and vehicles.

In one embodiment, the rigid polyurethane foam may have
a foam density of about 20 g/cm® to about 40 g/cm>, a thermal
conductivity (K-factor) of about 145x10~* kcal/m-h-° C. to
about 165x10~* kcal/m-h-° C. according to ASTM-C518, and
a cell close ratio of about 85% to about 99%.

In another embodiment, the rigid polyurethane foam may
have a foam density of about 30 g/cm® to about 37 g/cm?®, a
thermal conductivity (K-factor) of about 155x10~* keal/m-h-°
C. to about 163x10™* kcal/mh-° C. according to ASTM-
(C518, and a cell close ratio of about 90% to about 99%.

According to the present invention, a method for manufac-
turing the rigid polyurethane foam includes: preparing a dis-
persion liquid by dispersing thermally expandable fine par-
ticles and a filler in a premixed polyol; adding a blowing agent
to the dispersion liquid; and forming rigid polyurethane foam
by reacting an isocyanate with the dispersion liquid contain-
ing the blowing agent, and foaming the reactant with heat of
urethane reaction.

In one embodiment, the premixed polyol may include a
polyol, a dispersant, a catalyst, and water. Selection and
preparation of the respective components used for prepara-
tion of the premixed polyol may be suitably carried out by a
person having ordinary knowledge in the art.

The thermally expandable fine particles and the filler are
mixed with the premixed polyol.

In one embodiment, the thermally expandable fine par-
ticles are added in an amount of about 0.5 to 10 parts by
weight based on about 100 parts by weight of a urethane resin
forming the polyurethane foam, and the filler is mixed in an
amount of about 0.1 to 10 parts by weight based on about 100
parts by weight of the polyol.

After mixing the thermally expandable fine particles and
the filler with the premixed polyol, the obtained mixture is
subjected to dispersion using a dispersing machine, thereby
preparing the dispersion liquid.

Then, the blowing agent is added to the dispersion liquid
prepared as above under conditions that the weight ratio of the
blowing agent to the thermally expandable fine particles is
about 1:0.2 to about 2:1.

Then, the isocyanate is reacted with the dispersion liquid to
which the blowing agent has been added. The isocyanate may
be added in an amount of about 90 to about 200 parts by
weight based on about 100 parts by weight of the polyol.
Addition of the isocyanate causes the dispersion liquid to be
foamed by heat generated upon urethane reaction, thereby
forming urethane foam. The filler is uniformly distributed on
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inner and/or outer surfaces of the cells and/or on the surfaces
of the thermally expandable fine particles.

The thermally expandable fine particles may have a mean
volume diameter of about 5 pm to about 40 pm before being
foamed, and a mean volume diameter of about 20 pm to about
200 um after foaming.

Hereinafter, the constitution and functions of the present
invention will be explained in more detail with reference to
the following examples. It should be understood that these
examples are provided for illustration only and are not to be in
any way construed as limiting the present invention.

Descriptions of details apparent to those skilled in the art
will be omitted herein.

EXAMPLES
Preparative Example 1
Preparation of Thermally Expandable Fine Particles

An oil-based solution is prepared by mixing 64 g of
vinylidene chloride, 64 g of acrylonitrile, 16 g of methylacry-
late, 16 g of methyl methacrylate, 0.3 g of dipentaerythritol
hexaacrylate, 16 g of isopentane, 16 g of n-pentane, and 1.6 g
of di-2-ethylhexyl peroxydicarbonate.

In addition, an aqueous solution is prepared by mixing 450
g of ion exchange water, 108 g of sodium chloride, 36 g of
colloidal silica (Ludox-AM), 0.5 g of polyvinyl pyrrolidone
and 1.2 g of 1% aqueous solution of sodium nitrite to have a
pH of 3.0.

The prepared oil-based solution and the aqueous solution
are mixed and dispersed at 5000 RPM for 2 minutes using a
homomixer (2.5 Primix), thereby preparing a suspension. The
suspension is placed in a 1-liter compression reactor and
subjected to nitrogen substitution, followed by polymeriza-
tion at an initial reaction pressure of 5 kgf/em?® and 60° C. for
20 hours while stirring at 400 rpm. The polymerized product
is filtered and dried to obtain thermally expandable fine par-
ticles. The particle diameter and foaming properties of the
prepared thermally expandable fine particles are analyzed
and results are summarized in Table 1.

TABLE 1
Preparative
Item Examplel
Particle Particle diameter before being 26.8
diameter foamed (um)
C.V (%) 45.5
Particle diameter after foaming (um) 125.6
Foaming Tstart (° C.) 75
propetties Tmax (° C.) 105
Dmax (um) 2332

* Particle diameter before being foamed: The mean volume diameter and the coefficient of
size variation of the fine particles are analyzed using a laser diffraction type particle size
analyzer (LS 13320, Beckman Coulter).

* Particle diameter after foaming: After being left in an oven at Tmax for 3 minutes, the
foamed particles are observed using an optical microscope (BX51, OLYPUS), and the mean
volume diameter of the foamed particles are analyzed using an image analyzer (TOMORO
ScopeEye 3.6, SARAM SOFT).

Example 1

A premixed polyol is prepared by mixing a dispersant, a
catalyst, water and a polyol according to a composition as
shown in Table 2, and the thermally expandable fine particles
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prepared in Preparative Example 1 and a filler, that is, carbon
black (ELFTEXS) produced by Cabot, are added to the pre-
mixed polyol, followed by dispersion using a planetary cen-
trifugal mixer (ARM-310, THINKY Corporation). An isocy-
anate is added to the premixed polyol containing the
thermally expandable fine particles and the filler in a ratio
(premixed polyol to isocyanate) of 100:118, mixed at 5000
RPM for 5 seconds using a homomixer (Homo Disper 2.5,
Primix), followed by reaction in a vertical mold (250x250x

50).
TABLE 2
Item Content
(Premixed Toluene diamine polyol (OH value: 350~550) 60.0
Polyol)
Sucrose/glycerin polyol (OH value: 360~490) 20.0
Trimethylolpropane polyol (OH value: 350~450) 10.0
Glycerin polyol (OH value: 168~670) 10.0
Dispersant 2.5
(polyester polydimethylsiloxane copolymer)
Amine catalyst 2.0
Water 1.9
Blowing agent (Cyclo-pentane)* 16.5
Isocyanate (MDI, amine equivalent: 135) 145.1

*The blowing agent content is based on the content of polyurethane foam.

The cell size, foam density, K-Factor and cell close ratio of
the prepared polyurethane foam are analyzed by the follow-
ing methods, and results thereof are shown in Table 3.

1) Thermal conductivity (K-factor): Urethane foam pre-
pared by a hand mixer process is cut into a standard size of
200x200x25 and analyzed as to thermal conductivity using a
thermal conductivity analyzer (HC-074, EKO). Analysis of
the thermal conductivity is carried out in a heat flow fashion
according to ASTM-C518 (unit: 10~ keal/mh-° C.).

2) Cell size: Urethane foamis observed using SEM (54800,
Hitachi) at a magnification of 50x%, and the cell size of the
foam is converted into a mean volume diameter using an
image analyzer (TOMORO ScopeEye 3.6, SARAM SOFT).

3) Cell close ratio (%): Cell close ratio is represented by
percentage of closed cells among urethane foam cells. The
cell close ratio is measured from the urethane foam cut into a
standard size of 25x25x25 using a Ultrapycnomter 1000
(Quantachrome).

4) Analysis of Thermally Expandable Property: TMA
Q-400 (Thermomechanical Analyzer, TA Instruments) is
used to analyze thermally expandable property. 1.0 mg of
thermally expandable fine particles is placed on an aluminum
fan having a diameter of 6.7 mm and a depth of 4.5 mm and
covered by an aluminum fan having a diameter of 6.5 mm and
adepth of 4.0 mm to prepare specimens. According to a TMA
expansion probe type, the thermally expandable fine particles
are heated from room temperature to 200° C. under a load of
0.05 N applied from a probe, and displacement of the probe in
a vertical direction is analyzed.

expansion starting temperature (Tstart): Temperature at

which displacement of probe starts

maximum expansion temperature (Tmax): Temperature at

which the probe reaches maximum displacement
degree of maximum displacement (Dmax): Displacement
(um) when the probe reaches maximum displacement

Example 2
Polyurethane foam is prepared in the same manner as in

Example 1 except that graphite TIMREX KS6 (manufactured
by TIMGAL Inc.) having a particle diameter of 6.5 um is used
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as the filler. SEM images of the prepared polyurethane foam
are shown in FIG. 4 (magnificationx100) and FIG. 5 (mag-
nificationx300), and analysis results of the cell size, foam
density, K-Factor and cell close ratio of the polyurethane
foam are summarized in Table 3.

Example 3

Polyurethane foam is prepared in the same manner as in
Example 1 except that multiwall carbon nanotubes CNT M85
(manufactured by Carbon-Nanotech Inc.) are used as the filler
and the composition is changed as in Table 3. Analysis results
of'the cell size, foam density, K-Factor and cell close ratio of
the polyurethane foam are summarized in Table 3.

Example 4

Polyurethane foam is prepared in the same manner as in
Example 1 except that single wall carbon nanotubes CNT S95
(manufactured by Carbon-Nanotech Inc.) are used as the filler
and the composition is changed as in Table 3. Analysis results
of'the cell size, foam density, K-Factor and cell close ratio of
the polyurethane foam are summarized in Table 3.

Example 5

Polyurethane foam is prepared in the same manner as in
Example 1 except that titanium oxide R900 (manufactured by
Dupont) is used as the filler. Analysis results of the cell size,
foam density, K-Factor and cell close ratio of the polyure-
thane foam are summarized in Table 3.

Example 6

Polyurethane foam is prepared in the same manner as in
Example 1 except that titanium oxide R960 (manufactured by
Dupont) is used as the filler. Analysis results of the cell size,
foam density, K-Factor and cell close ratio of the polyure-
thane foam are summarized in Table 3

Example 7

Polyurethane foam is prepared in the same manner as in
Example 1 except that silica Aerosil OX50 (manufactured by
Evonik) is used as the filler. Analysis results of the cell size,
foam density, K-Factor and cell close ratio of the polyure-
thane foam are summarized in Table 3.

Example 8

Polyurethane foam is prepared in the same manner as in
Example 1 except thatsilica Aerosil R7200 (manufactured by
Evonik) is used as the filler and the foaming temperature was
80° C. Analysis results of the cell size, foam density, K-Factor
and cell close ratio of the polyurethane foam are summarized
in Table 3.

Example 9

Polyurethane foam is prepared in the same manner as in
Example 1 except that nanoclay 144P (manufactured by
Nanocor) is used as the filler. Analysis results of the cell size,
foam density, K-Factor and cell close ratio of the polyure-
thane foam are summarized in Table 3.
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TABLE 3
Example
1 2 3 4 5 6 7 8 9 15
Polyol 100 100 100 100 100 100 100 100 100 100
Dispersant 2.5 2.5 2.5 2.5 25 25 2.5 2.5 2.5 2.5
Catalyst 2.0 2.0 20 20 20 20 2.0 2.0 2.0 2.0
Water 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Blowing agent 12.0 12.0 120 120 120 12.0 12.0 12.0 12.0 12.0
MDI 145.1 145.1 145.1 145.1 145.1 1451 1451 145.1 1451 145.1
Thermally ~ Amount 12.5 12.5 125 125 125 125 12.5 12.5 12.5 12.5
expandable  (parts by
fine weight)
particles
Filler Kind ELFTEX8 TIMREX CNT CNT R900 R960 OX50 R7200 I44P ELFTEXS/
KS6 M85 895 TIMREX
KS6
Amount 3.0 3.0 1.0 1.0 3.0 3.0 3.0 3.0 3.0 2.5/
(parts by 2.5
weight)
Foaming Temp. (° C.) 40 40 40 40 40 40 40 80 40 40
Cell Size (pm) 265 258 270 268 272 269 270 265 270 250
Foam density (g/cm?) 33.1 33.3 32,1 320 325 335 325 32.3 32.4 33.8
K-Factor 162.7 162.0 163.5 163.8 163.8 163.2 1644 1644 1644 160.2
Cell close ratio 92.8 92.6 91.2 91.8 921 0915 89.5 884  90.1 92.5

25

As shown in Table 3, it can be seen that the use of carbon
black (Example 1) or graphite (Example 2) as the filler for
absorbing heat provides superior results in terms of K-factor
improvement as compared to the use of TiO, (Examples 5 and
6), Si0, filler (Examples 7 and 8) and nanoclay (Example 9)

tivity of the urethane foam is increased due to increase in cell
open rate of the urethane foam by the filler.

Examples 13 and 14

. - . 30  Polyurethane foam is prepared in the same manner as in
acting as heat reflecting elements. In particular, remarkable Example 1 except that the amount of the filler is changed as
improvement in K-factor can be confirmed from ExamPle 1.5 set forth in Table 5. Analysis results of the cell size, foam
(described below) wherein carbon black and graphite is density, K-Factor and cell close ratio of the polyurethane
mixed with the thermally expandable fine particles. foam are summarized in Table 5.

35
Examples 10 to 12 TABLE 5

Polyurethane foam is prepared in the same manner as in Example
Example 1 except that the amount of the filler is changed as
set forth in Table 4. Analysis results of the cell size, foam 2 13 14
density, K-Factor and cell close ratio of the polyurethane 40 Polyol 100 100 100
foam are summarized in Table 4. Dispersant 2.5 25 25

Catalyst 2.0 2.0 2.0
‘Water 1.9 1.9 1.9
TABLE 4 Blowing agent 12,0 12,0 12.0
MDI 145.1 145.1 145.1
Example 45 Thermally Amount 12.5 12.5 12.5
expandable (parts by
1 10 11 12 fine weight)
particles
Polyol 100 100 100 100 Filler Kind TIMREX  TIMREX  TIMREX
Dispersant 2.5 2.5 2.5 2.5 KS6 KS6 KS6
Catalyst 2.0 2.0 2.0 20 59 Amount 3.0 50 10.0
Water 1.9 1.9 1.9 1.9 (parts by ' ' '
Blowing agent 12.0 12.0 12.0 12.0 weight)
MDI 145.1 145.1 145.1 145.1 Foaming Temp. (° C.) 40 40 40
Thermally Amount 12.5 12.5 12.5 12.5 Cell Size (um) 258 248 252
expandable  (parts by Foam density (g/em?) 33.3 33.8 343
fine. 1 weight) 55 K-Factor 162.0 159.8 162.2
particles , Cell close ratio 92.6 925 88.5
Filler Kind ELFTEX8 ELFTEX8 ELFTEX8 ELFTEX8
Amount 3.0 1.0 5.0 10.0
(‘fv’;”gigy As shown in Table 5, it can be seen that the K-factor
Foaming Temp. (° C.) 40 40 40 40 1mproveq with increasing amount of the filler, and that, when
Cell Size (um) 265 280 263 252 60 the filler is present in an amount of 10%, the thermal conduc-
Foam density (g/cm®) 33.1 32.5 33.8 33.8 tivity of the urethane foam increased due to increase in cell
K-Factor 1627 164.8 160.1 163.2 open rate of the urethane foam by the filler.
Cell close ratio 92.8 92.4 93.2 87.3
Example 15
As shown in Table 4, it can be seen that the K-factor 65

improved with increasing amount of the filler, and that, when
the filler is present in an amount of 10%, the thermal conduc-

Polyurethane foam is prepared in the same manner as in
Example 1 except that carbon black ELFTEXS8 (available
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from Cabot) and graphite TIMREX KS6 (available from
TIMGAL) are added as the filler in the amounts as shown in
Table 3. Analysis results of the cell size, foam density, K-Fac-
tor and cell close ratio of the polyurethane foam are summa-
rized in Table 3.

Comparative Examples 1 to 9

Polyurethane foam is prepared in the same manner as in
Example 1 except that the amount of each component is
changed as set forth in Table 6. Analysis results of the cell
size, foam density, K-Factor and cell close ratio of the poly-
urethane foam are summarized in Table 6.

TABLE 6

10

14

That which is claimed is:

1. A rigid polyurethane foam comprising unit cells, com-
prising: thermally expandable fine particles placed between
at least two adjacent unit cells to penetrate into a unit cell, to
be exposed from a unit cell, or both, and a filler dispersed on
surfaces of the thermally expandable fine particles, on inner
surfaces of the unit cells, on outer surfaces of the unit cells, or
on a combination thereof,

wherein the cells have an average diameter of about 200 um

to about 300 um and the rigid polyurethane foam has a
cell close ratio of about 85% to about 99%.

2. The rigid polyurethane foam according to claim 1,

wherein the unit cells include a strut forming a cell frame, a

Comparative Example

1 2 3 4 5 6 7 8 9
Polyol 100 100 100 100 100 100 100 100 100
Dispersant 25 25 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Catalyst 20 20 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Water 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Blowing agent 12.0 120 12.0 12.0 12.0 12.0 12.0 12.0 12.0
MDI 145.1 145.1 145.1 145.1 145.1 1451 1451 145.1 145.1
Thermally Amount — 12.5 — — — — — 30 30
expandable  (parts by
fine particles  weight)
Filler Kind — — ELFTEX8 ELFTEX8 TIMREX R900 OX50 ELFTEX8 TIMREX
KS6 KS6
Amount = — — 3.0 5.0 3.0 3.0 3.0 3.0 3.0
(parts by
weight)
Foaming Temp. (° C.) 40 40 40 40 40 40 40 40 40
Cell Size (um) 353 288 330 315 323 332 338 259 263
Foam density (g/cm?) 31.8 321 324 32.8 32.5 32.1 33.0 36.7 37.4
K-Factor 170.8 165.5 167.2 164.8 166.5 168.2  169.5 177.2 176.5
Cell close ratio 937 921 92.5 923 91.5 912 918 82.2 81.8

As shown in Table 6, it can be seen that, in Comparative
Example 1, in which the thermally expandable fine particles
and the filler are not used, the polyurethane foam has a
remarkably high K-Factor, and that in Comparative Example
2, in which the filler is not used, the polyurethane foam
underwent slight reduction in cell size and K-Factor and is not
desirable as compared with Example 1. Meanwhile, it can be
seen that, in Comparative Examples 3 and 4, in which the
thermally expandable fine particles are not used, the polyure-
thane foam has much greater cell size and K-factor than
Examples 1 and 11 and is significantly reduced in cell close
ratio. The same results could be obtained when comparing
Comparative Example 5 with Example 2, Comparative
Example 6 with Example 5, and Comparative Example 7 with
Example 7. Further, in Comparative Examples 8 and 9, in
which the amount of the thermally expandable fine particles is
not within the inventive range, the thermally expandable fine
particles destroyed the cells instead of being uniformly dis-
tributed within the cell walls and the struts, and there is no
reduction in K-Factor through reduction of the cell close
ratio.

Many modifications and other embodiments of the inven-
tion will come to mind to one skilled in the art to which this
invention pertains having the benefit of the teachings pre-
sented in the foregoing description. Therefore, it is to be
understood that the invention is not to be limited to the spe-
cific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of
the appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only
and not for purposes of limitation, the scope of the invention
being defined in the claims.

40

cell wall, and a cell vertex, and wherein the thermally expand-
able fine particles are formed to penetrate a strut, cell wall,
cell vertex, or a combination thereof of a unit cell.

3. The rigid polyurethane foam according to claim 1,
wherein the thermally expandable fine particles have a hollow
structure.

4. The rigid polyurethane foam according to claim 1,
wherein the thermally expandable fine particles are present in
an amount of about 0.5 parts by weight to about 10 parts by
weight based on 100 parts by weight of a urethane resin
forming the polyurethane foam.

5. The rigid polyurethane foam according to claim 1,
wherein the thermally expandable fine particles have a mean
volume diameter of about 5 pm to about 40 pm before being
foamed.

6. The rigid polyurethane foam according to claim 1,
wherein the thermally expandable fine particles have an
encapsulated structure obtained by encapsulation of a hydro-
carbon-based foamable compound by a polymer shell, the
hydrocarbon-based foamable compound having a boiling
point ofabout —10° C. to about 50° C., and a polymer material
constituting the polymer shell has a glass transition tempera-
ture of about 40° C. to about 100° C.

7. The rigid polyurethane foam according to claim 1,
wherein the filler has an average particle diameter of about
0.01 pum to about 50 pum.

8. The rigid polyurethane foam according to claim 1,
wherein the filler comprises at least one of carbon black,
graphite, carbon nanotubes, carbon fibers, titanium dioxide,
silica, and clay.
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9. The rigid polyurethane foam according to claim 1,
wherein the filler is present in an amount of about 0.1 parts by
weight to about 10 parts by weight based on 100 parts by
weight of a polyol.

10. The rigid polyurethane foam according to claim 1,
wherein the cells are formed by foaming with a blowing
agent.

11. The rigid polyurethane foam according to claim 10,
wherein the blowing agent and the thermally expandable fine
particles are present in a weight ratio of about 1:0.2~2.

12. The rigid polyurethane foam according to claim 11,
wherein the blowing agent comprises at least one of C5-Cg
hydrocarbons, dialkyl ethers, alkyl alkanoates, halogenated
hydrocarbons, acetone, and water.

13. The rigid polyurethane foam according to claim 1,
wherein the rigid polyurethane foam has a foam density of
about 20 g/cm® to about 40 g/cm® and a thermal conductivity
(K-factor) of about 145x10™* kcal/m'h-° C. to about 165x
10~ kcal/m-h-° C. according to ASTM-C518.

14. The rigid polyurethane foam according to claim 1,
wherein the rigid polyurethane foam has a foam density of
about 30 g/cm® to about 37 g/cm>, a thermal conductivity
(K-factor) of about 155x10™* kecal/m-h-° C. to about 163x
10~ kecal/m-h-° C. according to ASTM-C518, and a cell close
ratio of about 90% to about 99%.

15. A method for manufacturing rigid polyurethane foam,
comprising:
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preparing a dispersion liquid by dispersing thermally
expandable fine particles and a filler in a premixed
polyol;

adding a blowing agent to the dispersion liquid; and

forming rigid polyurethane foam by reacting an isocyanate

with the dispersion liquid containing the blowing agent,
and foaming the reactant with heat of urethane reaction,
wherein the blowing agent and the thermally expandable
fine particles are present in a weight ratio of about
1:0.2~2,

wherein the cells have an average diameter of about 200 um

to about 300 um and the rigid polyurethane foam has a
cell close ratio of about 85% to about 99%.

16. The method according to claim 15, wherein the pre-
mixed polyol comprises a polyol, a dispersant, a catalyst, and
water.

17. The method according to claim 15, wherein the ther-
mally expandable fine particles have a mean volume diameter
of'about 5 um to about 40 um before being foamed.

18. The method according to claim 15, wherein the filler is
present in an amount of about 0.1 parts by weight to about 10
parts by weight based on 100 parts by weight of a polyol.

19. The method according to claim 15, wherein the isocy-
anate is added in an amount of about 90 parts by weight to
about 200 parts by weight based on 100 parts by weight of the
polyol.
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